Introduction
The cytological diagnosis of pleural effusions can be difficult, especially in specimens containing abundant reactive mesothelial cells. The detection rate for malignant pleural effusions is approximately 50-60 % (Ghayumi et al. 2005) , and distinguishing the carcinoma cells from reactive mesothelial cells is particularly challenging when there are relatively few carcinoma cells (Afify et al. 2005) . Additional techniques, such as immunocytochemistry and ELISA, aid in the differential diagnosis Zhou et al. 2009 ). Many tumour markers directed against specific cellular antigens have been analysed in pleural effusions to enhance the cytological diagnosis, with varying degrees of efficacy (Afify et al. 2002; Queiroz et al. 2001) , but an optimum panel of tumour markers is yet to be determined.
Glycosylation is a major form of posttranslational modification (Lehle et al. 2006) , and variations in glycosylation are associated with cell differentiation and malignant transformation (Dennis et al. 1999; Hakomori 2002) . This makes it a potentially valuable diagnostic indicator of cellular diversity and differentiation (Brooks and Leathem 1991) . Specific surface glycosylation patterns are characteristic features of certain cell types, such as embryonic stem cells (Muramatsu 2002) . Recently, a growing body of evidence has indicated that changes in the expression of sugarbearing molecules may actively direct a variety of cell biological processes (Haltiwanger and Lowe 2004; Van Dyken et al. 2007 ). The combinatorial possibilities inherent in a glycan structure far exceed DNA-and peptide-based structural diversity (Gabius et al. 2004 ). This enormous structural diversity coupled with accessibility at the cell surface makes glycosylation an important mechanism for regulating cellular interactions with the environment, neighbouring cells, and pathogens (Tao et al. 2008) .
The purpose of this study was to determine the diagnostic capacity of a lectin microarray in pleural effusions. We demonstrated that the lectin microarray can be used to reveal surface glycan signatures of carcinoma cells and reactive mesothelial cells in pleural effusions. We also evaluated the value of the lectin microarray in differentiating the pleural effusions of patients with lung cancer from those of patients with benign lung disease.
Materials and methods

Patients
This study was conducted in accordance with the regulations of the institutional review boards at China Medical University and, was performed at The First Affiliated Hospital, China Medical University (Shenyang, China) between February and August in 2010. Internal review board approval for this study and/or informed consent of the patients was obtained. A total of 108 pleural samples were collected from the patients at the Laboratory of Cytopathology of the First Affiliated Hospital of China Medical University for inclusion in this study. There were 51 males (47.2 %) and 57 females (52.8 %).
From a total of 108 effusions, 54 were defined as reactive mesothelial cells (Tuberculous, n = 22 and parapneumonic, n = 32) and 54 adenocarcinoma cells. Of the 54 patients with benign effusion, 33 were men (61.1 %) and 21 were women (38.9 %), with a mean age of 59.9 years (range 18-87). Of the 54 patients with malignant effusion, 18 were men (33.3 %) and 36 were women (66.7 %), with a mean age of 63 years (range 30-84). The effusions were considered malignant if malignant cells were found on cytological examination or in a biopsy specimen. Only specimens histologically diagnosed as primary malignancies of lung or pleura were considered; malignancies of any other cause were excluded.
Tuberculous pleurisy was diagnosed if one of the following criteria was met: identification of bacillus in pleural fluid or biopsy specimen cultures; the presence of caseous granulomas in pleural biopsy tissue; radiological and clinical evidence of tuberculous pleurisy with acid-fast bacillipositive sputum, followed by response to anti-tuberculous therapy.
Parapneumonic pleurisy was determined by the presence of an acute febrile illness with purulent sputum, pulmonary infiltrate and responsiveness to antibiotic treatment; or identification of the microorganism in the pleural effusion in the absence of any other cause associated with pleural effusions.
Preparation of cells from pleural effusions
All specimens were received as fresh effusion, with a volume range of 20-2,000 mL. The specimens were centrifuged for 30 min at 2,000 rpm at 4°C. The resulting pellet was used for the preparation of two cytological smears (alcohol fixed Papanicolau stain), and the rest of the pellet was stored at -70°C until being used for lectin array hybridisation.
Cell culture
The human lung cancer cell line, A549 (adenocarcinoma), was from American Type Culture Collection (Manassas, VA, USA). The cells were maintained in Dulbecco's Modified Eagle Medium (GIBCO, Inc., Grand Island, NY) supplemented with 10 % foetal bovine serum (GIBCO, Inc.), 100 units/mL streptomycin (Sigma, St. Louis, MO, USA), and 100 units/mL penicillin (Sigma). Cells were cultured at 37°C in a humidified 5 % v/v CO 2 atmosphere to 75 % confluence.
Lectin microarray
To immobilise lectins on a glass slide, we used 3-glycidoxypropyltrimethoxysilane as a silan coupling reagent to prepare epoxy-coated glass slides (Zhu et al. 2000) . Lectins (Vector Laboratories, Inc., Burlingame, CA, USA) (Table 1) were dissolved in spotting solution at a concentration of 1 mg/mL (SNA, MAL-I and MAL-II) or 0.5 mg/mL (the other lectins), and spotted in duplicate ( Fig. 1 ) onto a 3-glycidoxypropyltrimethoxysilane glass slide using a microarray printing robot (MicroGridII, BioRobotics Ltd., Cambridge, UK). After spotting, excess non-immobilised lectins were removed by washing with 10 mM Trisbuffered saline (TBS) pH7.4, containing 1 % (v/v) Triton X-100. The glass slides were incubated in a chamber ([80 % humidity) at 25°C for 24 h for lectin immobilisation. After incubation, the slides were blocked with 1 % BSA in PBS at 20°C for 1 h. Glycan-binding specificities of the lectins (Tao et al. 2008; Wearne et al. 2006 ) are listed in Table 1 .
Lectin array hybridisation
Cells suspended in PBS were allowed to bind on lectin microarrays at room temperature for 30 min and unbound cells were removed by gravity in cold PBS. Bound cells immobilised on the glass slides were stained with Papanicolaou's stain and analysed by two cytopathologists. The analysis was performed without knowledge of the patients' clinical status.
Statistical analysis SPSS11.0 software was used for the statistical analysis. Cells captured in different spots of lectin microarrays were compared using the v 2 test or Fisher exact test when theoretical effective was insufficient. Lectin spots were assessed as ''positive'' if only reactive mesothelial cells were captured and ''negative'' if adenocarcinoma cells, or together with reactive mesothelial cells, were captured. P values less than 0.05 were considered statistically significant. The utility of each lectin spot was assessed for sensitivity, specificity and accuracy and was compared with the cytological results. Sensitivity (%) mean binding reactive mesothelial cell samples percentage in 54 reactive mesothelial cells, sensitivity (%) = positive cases (binding reactive mesothelial cell samples)/total reactive mesothelial cell samples (54); specificity (%) mean not binding carcinoma cell samples percentage in 54 carcinoma cells, specificity (%) = negative cases (not binding carcinoma cell samples)/total carcinoma cell samples (54); accuracy (%) = positive cases ? negative cases/total cases = binding reactive mesothelial cell samples ? not binding carcinoma cell samples/total reactive mesothelial cell samples (54) ? total carcinoma cell samples (54).
Results
A lectin-binding signature for the A549 cell line
The lectin-binding signature of the A549 cell line was determined to test the efficacy of the method (Table 1 ; Fig. 2A ). Statistically significant lectin binding was observed for the AAL, MAL-I, WGA, STL, Jacalin and ACL markers, and no binding was observed in the remaining markers. Therefore, the A549 cell line possesses a specific surface glycan signature that can be captured by the lectin microarray described.
A lectin-binding signature for adenocarcinoma cells in pleural effusion
To demonstrate the capability of the lectin microarrays to characterise the cell surface glycan repertoires of adenocarcinoma cells in pleural effusions of patients with lung cancer, 54 malignant samples were tested (Table 1 ; Fig. 2B ). The cell binding maps were determined using microscopy ( Fig. 3A-D) . In addition to the marker profile of the A549 cell line, adenocarcinoma samples showed significant binding of ECL and DSA lectins. AAL, WGA, and ACL binding was present in 54, 48, and 38 samples, mesothelial cells, and not to adenocarcinoma cells. There was also significant diversity with respect to glycan profile within this sample group. Table 2 shows sensitivity, specificity, and accuracy of each lectin in the microarray for distinguishing reactive mesothelial cells in pleural effusions of patients with and without lung cancer. The presence of bound reactive mesothelial cells was assessed as a 'positive' result for calculating sensitivity, specificity and accuracy. When evaluating diagnostic efficacy for differentiating adenocarcinoma cells and reactive mesothelial cells, SNA had the highest sensitivity (92.6 %), specificity (100 %) and accuracy (96.3 %) ( Table 2) .
Biomarker discovery based on glycan signatures
To examine the power of the microarray platform for biomarker discovery, we analyzed lectin-binding by comparing the cell surface glycan signatures. The most significant biomarker was SNA, it effectively captured 50 of 54 samples of reactive mesothelial cells and did not capture any adenocarcinoma cells. This indicates that the SNA lectin may be used a biomarker to distinguish adenocarcinoma cells from reactive mesothelial cells.
Discussion
Morphological differentiation of reactive mesothelial cells from carcinoma cells in pleural effusions can be a diagnostic challenge. Adenocarcinoma metastatic to the pleural membrane is often associated with prominent mesothelial hyperplasia and may result in diagnostic confusion. The difficulty is even greater when neoplastic cells show only slight atypia, or when they are scarce in the effusion (Afify et al. 2002) . False (Afify et al. 2005) . The rate of false positive diagnoses is also significant and often caused by over-interpretation of reactive mesothelial cells as malignant cells (Politi et al. 2005) . Glycobiologists have long believed that glycosylation features differ significantly depending on cell types and states of differentiation (Tateno et al. 2007) . Recently, Rosenfeld et al. (2007) developed a novel lectin microarray with 24 immobilised lectins. Specific binding of glycoprotein was observed using fluorescent-labelled cells detected with an evanescent-field fluorescence scanner. The net intensity for each spot was calculated by subtracting background from signal intensity. However, this method of detection can only determine the signal intensity for each lectin spot and not types of cells, and therefore accurate discrimination between benign and malignant of cells is not possible.
We created a lectin microarray that does not need metabolic fluorescent labelling, and exploits the ability of lectins to bind to the accessible cell surface glycans. We found a unique cell-binding signature for adenocarcinoma cells and reactive mesothelial cells. Therefore, we did not only obtain the signal intensity for each lectin spot, but were also able to distinguish different types of cells binding to each specific lectin by microscopy, and even detect a single cell on each lectin spot. This is more sensitive and accurate than the method described by Rosenfeld et al. (2007) . We showed a broader diversity of glycan structures on the surface of mesothelial cells than adenocarcinoma cells. The adenocarcinoma cells showed positive binding to only 8 of the 25 lectins present in the array (Table 1 ; Fig. 3A-D) . This result may reflect that there are fewer types of glycan structures on the surface of adenocarcinoma cells, but the glycan profile is more uniform on the surface of adenocarcinoma cells than mesothelial cells. Adenocarcinoma cells were positive for binding to ECL and DSA, in addition to AAL, MAL-I, WGA, STL, Jacalin and ACL binding profile seen with the A549 cell line. AAL, WGA, and ACL binding was present in 54, 48, and 38 samples, respectively, whereas ECL and DSA were present in only 4/54 samples. The 54 reactive mesothelial cell samples displayed positive binding to all lectin biomarkers in the microarray, but there was no uniformity in the binding profiles.
However, SNA and AAL binding was detected in the majority of samples, 50/54 and 48/54, respectively. MAL-II, EEL and DBA binding was found in only 4/54, 4/54 and 2/54 samples, respectively. Therefore, we do not only present a high-throughput method to profile the accessible surface glycans of adenocarcinoma cells and reactive mesothelial cells in pleural effusion, but also demonstrate a potential clinical tumour marker applications where we can distinguish carcinoma cells from reactive mesothelial cells.
A major goal of high-throughput analyses is the identification of novel tumour markers that may have diagnostic value. Tumour markers that may be useful in distinguishing carcinoma cells from reactive mesothelial cells have been reported Jiang et al. 2008; Sun et al. 2009 ). However, there are few markers for reactive mesothelial cells (HBME-1 and D2-40) and the diagnostic efficiency of them are suboptimal Bassarova et al. 2006) . In the present study, SNA effectively captured 50 of 54 cases of reactive mesothelial cells and did not capture any adenocarcinoma cells. It had the highest sensitivity (92.6 %), specificity (100 %) and accuracy (96.3 %) all lectin spots. This indicates that SNA may be a novel biomarker to distinguish adenocarcinoma cells from reactive mesothelial cells in pleural effusion.
The results reported here demonstrate the enormous potential of lectin microarray technology for identifying cell surface markers in benign and malignant pleural effusions. This method may also be used diagnostically to differentiate between carcinoma cells and reactive mesothelial cells in pleural effusions and improve the detection of malignancy.
